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(57) ABSTRACT 

Steering data communications packets among multiple ser 
vice applications in a link-level data communications switch 
ing apparatus that includes a link-level data communications 
switch and data communications ports coupling the switching 
apparatus to networks organized into pairs of networks, and 
ports connected to service applications, the switching appa 
ratus further including rules governing the steering of data 
communications among service applications and networks, at 
least one rule that includes a network code that identi?es a 
network pair and a direction of travel between the networks, 
including receiving data communications packets directed to 
a destination network, each packet containing a source net 
work address, and steering by the switching apparatus each 
packet, the steering carried out only in accordance with the 
rules, using neither the source network address of the packet, 
the destination network address of the packet, nor the link 
level identi?er of any service application. 
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SOURCE-BASED STEERING DATA 
COMMUNICATIONS PACKETS FOR 
TRANSPARENT, BUMP-IN-THE-WIRE 

PROCESSING AMONG MULTIPLE SERVICE 
APPLICATIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The ?eld of the invention is data processing, or, 
more speci?cally, methods, apparatus, and products for steer 
ing data communications packets for transparent, bump-in 
the-wire processing among multiple service applications. 
[0003] 2. Description Of Related Art 
[0004] The development of the EDVAC computer system 
of 1948 is often cited as the beginning of the computer era. 
Since that time, computer systems have evolved into 
extremely complicated devices. Today’s computers are much 
more sophisticated than early systems such as the EDVAC. 
Computer systems typically include a combination of hard 
ware and software components, application programs, oper 
ating systems, processors, buses, memory, input/ output 
devices, and so on. As advances in semiconductor processing 
and computer architecture push the performance of the com 
puter higher and higher, more sophisticated computer archi 
tectures have evolved to take advantage of the higher perfor 
mance of the hardware, resulting in computer systems today 
that are much more powerful than just a few years ago. 
[0005] One of the areas that has seen substantial improve 
ment is data communications through packet switching. 
Today many systems provide processing of data communica 
tions packets that is transparent to the operations of the source 
computer, the sender, and the destination of the packets. That 
is, neither the source nor the ultimate destination of the pack 
ets is ever made aware that such transparent processing 
occurs. Such transparent processing may include for example 
security processing, load balancing functions among data 
communications equipment, statistical surveys, and so on. 
Such transparent processing can include processing by not 
just one, but several interim service applications, one provid 
ing security services, another performing statistical surveys, 
another performing load balancing, and so on. 
[0006] When data packets are to be processed by several 
service applications the problem of routing the data stream 
from one service application to another naturally arises. For 
service applications that carry out packet analysis and there 
fore operate in ‘bump-in-the-wire promiscuous mode,’ that is, 
transparently and invisibly sitting between two or more net 
working devices listening to all packets exchanged between 
the devices, preserving the packet headers is required. 
Because such service applications commonly perform 
inspection on the packet headers and the payload, the entire 
packetipayload+headersimust be considered “payload” 
to this kind of service application. Each such bump-in-the 
wire service application must return each packet it handles to 
the communications system with the original header 
addresses intact so as not to interfere with the overall trans 
mission of the packet from its original source to its ultimate 
destination. 
[0007] Prior art has attempted to solve this problem by 
encapsulating the entire packetipayload+headersiand 
wrapping it with a new header that speci?es the routing of the 
packet to bump-in-the-wire applications. This new encapsu 
lation header must be understood by all the various hardware, 
switches, NICs, and so on, and potentially even by the bump 
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in-the-wire service applications themselves. This require 
ment to process this additional layer of headers is a burden to 
hardware developers and application providers who must 
now design, develop, test, and support an additional con?gu 
ration of their core product. In addition, some solutions 
require that application providers not only integrate new 
header processing, but also port their application to speci?c 
hardware and operating system platforms. 
[0008] Another solution attempted in prior art was to 
modify packets in certain ways, such as changing the desti 
nation MAC address, for example. This option changes the 
packet and limits the ability to perform the types of analysis 
that rely on possession of the original addresses in the packet. 
Moreover, this solution requires hardware developers to pro 
vide additional modi?cations of routers, bridges, and 
switches that use it to track the original addresses and return 
them to the packets upon return from the bump-in-the-wire 
service applications. 

SUMMARY OF THE INVENTION 

[0009] Methods, apparatus, and products are disclosed for 
steering data communications packets for transparent, bump 
in-the-wire processing among multiple service applications, 
such steering carried out in link-level data communications 
switching apparatus, the switching apparatus including at 
least one link-level data communications switch, the switch 
ing apparatus including a plurality of data communications 
ports, at least four of the ports coupling the switching appa 
ratus to at least four data communications networks, the net 
works organiZed into at least two pairs of networks, at least 
two additional ports connected to service applications that 
carry out transparent, bump-in-the-wire data processing of 
data communications packets traveling among the networks, 
each service application associated with a unique, link-level 
identi?er; the switching apparatus also includes rules govem 
ing the steering of data communications among service appli 
cations and networks connected to the switching apparatus 
each rule including an association of an ingress port and a 
switch egress, the rules including at least one rule that further 
includes at least one network code that identi?es a network 
pair and a direction of travel between the networks in the 
identi?ed network pair, the rules con?gured to permit data 
communications through the switching apparatus only 
between networks in a pair, excluding data communications 
across pairs of networks; further including receiving, in the 
switching apparatus through an ingress port from a source 
network, data communications packets directed to a destina 
tion network, the source network and the destination network 
being members of a same pair of networks, each packet con 
taining a source network address that identi?es the source of 
the packet in the source network, each packet optionally also 
containing a destination network address that identi?es a 
destination of the packet in the destination network; and 
steering by the switching apparatus each packet among the 
applications and through an egress port to the destination 
network, the steering carried out only in accordance with the 
rules, using neither the source network address of the packet, 
the destination network address of the packet, nor the link 
level identi?er of any service application. 
[0010] The foregoing and other objects, features and 
advantages of the invention will be apparent from the follow 
ing more particular descriptions of exemplary embodiments 
of the invention as illustrated in the accompanying drawings 
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wherein like reference numbers generally represent like parts 
of exemplary embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 sets forth a functional block diagram ofauto 
mated computing machinery, example automated apparatus 
for steering data communications packets for transparent, 
bump-in-the-Wire processing among multiple service appli 
cations according to embodiments of the present invention. 
[0012] FIG. 2 sets forth a functional block diagram of auto 
mated computing machinery, an example link-level data 
communications sWitch adapted for steering data communi 
cations packets according to embodiments of the present 
invention. 
[0013] FIG. 3 sets forth a How chart illustrating an example 
method of steering data communications packets for trans 
parent, bump-in-the-Wire processing among multiple service 
applications according to embodiments of the present inven 
tion. 
[0014] FIG. 4 sets forth a How chart illustrating an example 
method of steering data communications packets for trans 
parent, bump-in-the-Wire processing among multiple service 
applications according to embodiments of the present inven 
tion. 
[0015] FIG. 5 sets forth a How chart illustrating an example 
method of steering data communications packets for trans 
parent, bump-in-the-Wire processing among multiple service 
applications according to embodiments of the present inven 
tion. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0016] Example methods, apparatus, and products for 
steering data communications packets for transparent, bump 
in-the-Wire processing among multiple service applications 
in accordance With the present invention are described With 
reference to the accompanying draWings, beginning With 
FIG. 1. FIG. 1 sets forth a functional block diagram of auto 
mated computing machinery, example automated apparatus 
for steering data communications packets for transparent, 
bump-in-the-Wire processing among multiple service appli 
cations according to embodiments of the present invention. 
The apparatus of FIG. 1 includes a link-level data communi 
cations sWitching apparatus (150) that is made up of several 
link-level data communications sWitch (230, 232, 234, 236, 
238, 240). The sWitching apparatus is connected through 
netWork connections (218) to several data communications 
netWorks (A, B, C, D) and through link-level data communi 
cations connections (250) to service applications (Al . . .An) 
executing on computers (Cl . . . C”). 

[0017] A ‘service application,’ as the term is used here, is a 
module of automated computing machinery con?gured to 
carry out data processing tasks With regard to data commu 
nications packets Without altering the packets. The packets 
travel on data communications netWorks betWeen a source 

computer and a destination computer, and the service appli 
cations carry out data processing tasks regarding the packets 
in a manner that is transparent to the operations of the sources 
as Well as the destinations of the packets. Such data process 
ing With regard to the packets can be ‘transparent’ because the 
packets are not altered. The data processing tasks carried out 
by service applications include, for example, security pro 
cessing, load balancing functions among data communica 
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tions equipment, statistical surveys, and so on. Such transpar 
ent processing can include processing by not just one, but 
several interim service applications, one providing security 
services, another performing statistical surveys, another per 
forming load balancing, and so on. The term ‘bump-in-the 
Wire’ as applied to the service applications here refers to the 
fact that, from the point of vieW of the source or destination, 
the service applications are physically in-line With the net 
Work architecturesias opposed to ‘bump-in-the-stack’ ser 
vice applications that may manipulate layer 2/3 protocols like 
VLANs, ARP, and DHCP to control access to the service 
applications. 
[0018] The terms ‘link-level’ and ‘layer-2’ both refer to the 
data link layer of the Open Systems Interconnection Refer 
ence Model (‘OSI Model’). The data link layer is often 
referred to in this speci?cation as the ‘link layer’ or the ‘link 
level.’ The ?rst, third, and fourth layers of the OSI Model, also 
pertinent to this discussion, are the Physical Layer, the Net 
Work Layer, and the Transport Layer respectively. The Physi 
cal Layer of the OSI Model de?nes the electrical and physical 
speci?cations for data communications devices, typically 
devices connected in effect to a local area netWork or ‘LAN.’ 
Layer 3 or the NetWork Layer of the OSI Model provides 
functional and procedural means of transferring variable 
length data sequences from a source to a destination via one or 

more netWorks, generally including routing functions. The 
NetWork Layer is implemented With routers that communi 
cate With one another according to data communications pro 
tocols. The Well knoWn Internet Protocol (‘IP’) operates gen 
erally as an OSI NetWork Layer data communications 
protocol. In fact, although IP is de?nitely not the only Net 
Work Layer protocol, IP is so ubiquitous at this point in time 
as to be almost a synonym for NetWork Layer functionality. 
Examples of other layer 3 protocols include ICMP, IGMP, 
and IPsec. The Transport Layer provides reliable data transfer 
services to the other layers. The Transport Layer controls the 
reliability of a given link through ?oW control as Well as 
segmentation and desegmentation of packets. Transport 
Layer protocols are typically connection oriented. By far the 
most common examples of Transport Layer protocols are the 
Transmission Control Protocol (‘TCP’) and the User Data 
gram Protocol (‘UDP’). Examples of other layer 4 protocols 
include DCCP, SCTP, RSVP, and ECN. 
[0019] The data link layer of the OSI Model is implemented 
With sWitches that communicate With one another according 
to link layer data communications protocols. Like IP in the 
netWork layer, the Ethernet protocol, not the only link-level 
protocol, nevertheless is so ubiquitous as to be almost syn 
onymous With the link layer. Examples of other link-level 
protocols include ARP, RARP, NDP, OSPF, and L2TP. Link 
level sWitches connect to other devices, typically on a LAN, 
through connections referred to as ‘ports.’ Ports can be imple 
mented as Wireless connections as Well as Wireline connec 

tions. Each Wireline port is made up of the connectors, inter 
connections, electrical or optical conductors, and so on, as 
required to effect connections from the sWitch to other 
devices, such other devices including, for example, comput 
ers on a LAN, other sWitches, routers, and so on. Wireless 
ports may include antennas, ampli?ers, other radio compo 
nents, and the like, as needed to effect Wireless communica 
tions betWeen a sWitch and other devices. A sWitch receives 
data communications in data units referred to as ‘packets.’ It 
is common in the art to refer to link layer data units as 
‘frames,’ but this speci?cation uses the slightly more descrip 
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tive term ‘packets.’ In this speci?cation, the term ‘packet’ 
refers to all data units in data communications, including 
units travelling in the physical layer, in the network layer, and 
in other layers as well. 

[0020] Each data communications switch (230, 232, 234, 
236, 238, 240) in the example ofFIG. 1 is a device ofthe kind 
sometimes referred to as a bridge, an n-port bridge, a layer-2 
switch, a smart switch, or just a ‘switch.’ In the example of 
FIG. 1, the switches are organiZed in two layers (244, 246). 
Each ?rst layer switch (244) is connected through network 
connections (218) to two or more data communications net 
works and to each of the second layer switches through 
level-2 data communications links (242). Each of the second 
layer switches is connected to each of the ?rst layer switches 
and further connected through level-2 links (250) to at least 
one service applications (Al . . .An) executing on computers 

(Cl . . . C”). Within the scope of the present invention, any 
link-level switch having a number of ports su?icient to sup 
port such connectivity among the networks, the two layers of 
switches, and the service applications can be improved to 
carry out packet steering according to embodiments of the 
present invention, including, for example, ordinary Ethernet 
switches. In many embodiments, however, switches that are 
improved for packet steering according to embodiments of 
the present invention will be fabric-type switches, Fibre 
Channel switches, In?niband switches, Ethernet Fabric 
switches, and so on. 

[0021] In the example of FIG. 1, the network connections 
(218) are organiZed into several link aggregation groups (222, 
224, 226, 228). ‘Link aggregation group’ (‘LAG’) is a com 
puter networking term which describes using multiple net 
work cables and ports in parallel to increase link speed 
beyond the limits of any one single cable or portiand to 
increase the redundancy for higher availability. A LAG is 
made up of multiple links that are aggregated together, so that 
the link aggregation group can be treated as though it were a 
single link. LAGs are used to “trunk” links together so that 
data communications can be distributed and load balanced 
across the multiple links to provide improved throughput and 
redundancy compared to a single link. Networks that support 
link aggregation typically operate a link aggregation protocol 
that presents multiple physical links to the network as a single 
logical link. Many LAG implementations conform to an IEEE 
standard, IEEE 802.1AX. Other terms for link aggregation 
include ‘port teaming,’ ‘port trunking,’ and ‘link bundling.’ 
[0022] In the example of FIG. 1, the ?rst-layer switches 
(244) are connected by communication paths an Inter-Switch 
Link (‘ISL’) (100). The ISLs (100) in this example are 
optional reminders that the switches in the switching appara 
tus of FIG. 1 can be fully functional standalone switches, or 
they can be implemented as stacked switches, coupled by 
high-speed interswitch links, operating a stacking protocol 
that shares con?guration data and other administrative data 
across the switches and presents a single IP address to a 
system management server for administrative purposes. The 
ISLs serve as communications paths among the ?rst-layer 
switches, but the second layer switches can also be stacked by 
running the stacking protocol and sharing administrative 
communications across links (242). The ISLs (100) in FIG. 1 
can be embodied, for example, as an Ethernet link over which 
data communications between switches are encapsulated 
according to the CiscoTM Inter-Switch Link protocol. The 
ISLs (100) in FIG. 1 can also be embodied, for a further 
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example, as a connection between the Expansion Ports, or 
E_ports, of two Fibre Channel switches. 
[0023] The link-level data communications switching 
apparatus of FIG. 1 also includes a plurality of data commu 
nications ports. In the example of FIG. 1, at least four of the 
ports couple the switching apparatus (150) to at least four data 
communications networks, such as Networks A, B, C, and D. 
In the example of FIG. 1, the networks are organiZed into two 
pairs of networks. Networks A and B form one network pair 
(207), and networks C and D form another network pair 
(209). Each network is connected to a plurality of devices that 
function as sources and destinations of data communications 
packets traveling between networks in a pair. Such source and 
destination devices in this example include desktop comput 
ers (202, 210, 212), a laptop (204), servers (206, 215, 216), 
and a mobile phone (208). 
[0024] In the example of FIG. 1, at least four additional 
ports in the switching apparatus (150) are connected to ser 
vice applications (254) that carry out transparent, bump-in 
the-wire data processing of data communications packets 
traveling among the networks. The service applications (254) 
are labeled Al . . .An to denote that, although there are only 
four ports expressly connected to two service applications in 
this example, in fact switching apparatus that carries out 
packet steering for transparent data processing according to 
embodiments of the present invention can include any num 
ber of connections to any number of bump-in-the-wire ser 
vice applications. Each service application (254) in FIG. 1 is 
associated with a unique, link-level identi?er (252), desig 
nated in this example as IDl . . . ID”, where IDl is the link 
level identi?er for service applicationAl, ID2 is the link-level 
identi?er for service applicationA2, and so on through service 
application A” and its link-level identi?er ID”. Examples of 
link-level identi?ers include a Media Access Control 
(‘MAC’) address and a World Wide Name (‘WWN’) or World 
Wide Identi?er (‘WWID’). MAC addresses are used gener 
ally in Ethernet addressing, and WWNs or WWIDs are used 
in other contexts including, for example, Fibre Channel 
addressing and in Serial Attached SCSI storage networks. 
[0025] In the example of FIG. 1, the switching apparatus 
(150) also includes rules (256) governing the steering of data 
communications among service applications (254) and net 
works (A, B, C, D) connected to the switching apparatus 
(150). Each rule is composed ofan association ofan ingress 
port and a switch egress. The rules also include at least one 
rule that further includes at least one network code that iden 
ti?es a network pair and a direction of travel between the 
networks in the identi?ed network pair. The rules are con?g 
ured to permit data communications through the switching 
apparatus only between networks in a pair, excluding data 
communications across pairs of networks. Network pairs and 
network codes are further explained with reference to Table l . 

TABLE 1 

Network Code Table 

Ingress Port Network Code 

P1, P4 AB 
P2, P5, P7, P10 BA 
P3, P6, P8, P11 CD 
P9, P12 DC 

[0026] Each record in Table l associates a network code 
with a set of ingress ports. The ingress ports in Table l are 
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ports of initial ingress into the switching apparatus (150) from 
the networks (A, B, C, D). As shown by the network connec 
tions (218) in FIG. 1 and the records of Table l, with networks 
A and B paired: 

[0027] packets ingressing through ports P1 and P4 are 
traveling from network A to network B, represented by 
the network code AB, and 

[0028] packets ingressing through ports P2, P5, P7, and 
P 10 are traveling from network B to network A, repre 
sented by the network code BA. 

[0029] And, with networks C and D paired: 
[0030] packets ingressing through ports P3, P6, P8, and 

P11 are traveling from network C to network D, repre 
sented by the network code CD, and 

[0031] packets ingressing through ports P9 and P12 are 
traveling from network D to network C, represented by 
the network code DC. 

[0032] Readers will recogniZe that Table 1 illustrates the 
fact that, given the data communications architecture repre 
sented by the network connections (218), the network pair 
ings, and an initial port of ingress from any network into the 
switching apparatus, a direction of travel between the net 
works in a network pair is known. 
[0033] The rules governing packet steering are further 
explained with reference to Table 2. Each record of Table 2 
represents a packet switching rule governing the steering of 
data communications among service applications (254) and 
networks (A, B, C, D) connected to the switching apparatus 
(150). Each rule associates a switch ingress with a switch 
egress. Both the switch ingresses and the switch egresses in 
this example are expressed as a port identi?er or port number 
of a port through which a packet enters or exits a switch. The 
rules in this example are prede?ned by a user or system 
administrator and con?gured into the switching apparatus 
(150) in computer memory of some kind, preferably in a high 
speed ternary content addressable memory or ‘TCAM,’ but 
alternatively in Flash memory or EEPROM, a microdisk, 
ordinary RAM, or other memory as will occur to those of skill 
in the art. To the extent that the switches of the switching 
apparatus are stacked, the system administrator may enter the 
rules once into memory on one switch, and the stacking 
protocol will distribute the rules among the other switches of 
the switching apparatus. 

TABLE 2 

Rules Table 

Rule Number Switch Ingress Switch Egress Network Code 

1 P1 P13 AB 
2 P4 P15 AB 
3 P1,P4 P13,P15 AB 
4 LAG-222 P13, P15 AB 
5 121,152 P29 AB 
6 P30 P37, P21 AB 
7 P13 P14 AB 
8 P25 P31 AB 
9 P38 P31 AB 

10 P32 P25, P262 P27, P28 AB 
11 P14 P2 AB 
12 P16 P5 AB 
13 P18 LAG-224 AB 
14 P20 LAG-224 AB 
15 P14> P162 P18> P2O P22 P52 P72 P10 AB 
16 P14, P16, P18, P20 LAG-224 AB 
17 P3, P62 P8, P11 P13, P15, P17, P19 CD 
18 P21, P22, P23, P24 P29 CD 

Nov. 18, 2010 

TABLE 2-continued 

Rules Table 

Rule Number Switch Ingress Switch Egress Network Code 

19 P30 P37, P21 CD 
20 P13 P14 CD 
21 P25 P31 CD 
22 P38 P31 CD 
23 P32 157,158 CD 
24 P18 LAG-228 CD 
25 P20 LAG-228 CD 

[0034] The rules of Table 2 are further explained with ref 
erence to the example apparatus of FIG. 1. Rules l-l 6 effect 
a pairing of networks A and B so that packets entering the 
switching apparatus from network A will travel through the 
switching apparatus only to network B, never to networks C 
or D. This particular example of rules 1-16 steers packets 
from networkA to network B only through service applica 
tions Al and A”, although readers will recogniZe rules can be 
added to the rules table to govern packet steering also from 
network B to A and through any number of service applica 
tions. 

[0035] Rules 1 and 2 steer packets entering the switching 
apparatus from networkA throughports P l and P4 of switches 
(230, 232), egressing the packets through ports P13 and P15 
toward switch (238). Rules 3 and 4 are both different forms of 
rules 1 and 2, included here only for completeness of expla 
nation. The commas in rule 3 indicate a logical ‘or’ so that rule 
3 signi?es to switches (230, 232) an instruction to egress 
through ports P 1 3 or P 1 5 packets entering through ports P 1 or 
P4. Rule 4 is effectively the same as rule 3 operable for 
switching apparatus in which ports P 1 and P4 are implemented 
in a LAG, here LAG (222). Rule 4 therefore represents an 
instruction to switches (230, 232) to egress through ports P 13 
or Pl5 packets entering through the ports composing LAG 
(222), that is, ports P1 or P4. 
[0036] Rules 5 steers packets that enter switch (238) 
through either port P21 or port P22. Rule 6 egresses packets 
through port P29 to computer CI for processing by service 
applicationAl. Rule 6 steers packets that have been processed 
by service application Al and arrive in switch (238) through 
port P30. Rule 6 egresses packets to switch (240) through port 
P37 or port P21. Rule 6 steers packets to switch (240) by 
directing packets that ingress at port P3O directly to switch 
(240) by egressing the packets through P37, or indirectly to 
switch (240) by egressing the packets through port P21. Pack 
ets that egress though port P21 are subsequently ingressed to 
switch (230) through port Pl 3 and egressed from switch (230) 
through port P 1 4 using rule 7. Packets that egress from switch 
(230) through port P 1 4 using rule 7 are subsequently ingressed 
into switch (240) through port P25. Readers will recogniZe 
that packets directed from switch (238) to the ?rst-layer 
switches could be directed to any of the ?rst-layer switches 
and then back down to switch (240) for further processing by 
service application A”. This example limits the round trip to 
the ?rst layer to port P21 only for ease of explanation. 
[0037] Rules 8 and 9 steer packets that ingress through 
ports P25 and P38 into switch (240) to computer C” for pro 
cessing by service application A”. Rule 8 steers packets that 
ingress switch (240) through port P25 to service application 
A” by egressing the packets through port P3 1 to computer C”. 
Rule 9 steers packets that ingress into switch (240) through 
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port P38 to service application A” by egressing the packets 
through port P31 to computer C”. 
[0038] Rule 10 steers packets that ingress through port P32 
into sWitch (240). According to rule 10, packets Will egress 
from sWitch (240) either through port P25, P26, P27, or P28. 
SWitch (240) can select among P25, P26, P27, or P28 in any 
fashion that may occur to those of skill in the art, randomly, 
alWays using the same port, by round-robin load balancing, 
and so on. In this example, rule 10 has a netWork code of ‘AB,’ 
indicating that the rule is only applied to packets that are 
traveling from netWork A to netWork B. Determining that a 
packet is traveling from netWork A to netWork B can be 
carried out, for example, by examining the source link-level 
identi?er, such as a source MAC address or a source WWID, 
for each packet. If the source link-level identi?er is associated 
With a device connected to netWork A, the packet is deter 
mined to be traveling from netWork A to netWork B because 
netWorks A and B form a netWork pair betWeen Which packets 
can be transferred. 

[0039] Rules 11-16 steer packets that ingress into sWitches 
(230, 232, 234, 236) to netWork A. In Table 2, rules 11-16 
have a netWork code of ‘AB,’ indicating that rules 11-16 are 
only applied to steer packets that are being transferred from 
netWork A to netWork B as described above. Rule 15 steers 
packets that ingress sWitches (230, 232, 234, 236) through 
ports P14, Pl 6, Pl 8, and P2O.According to rule 15, a packet that 
ingresses into sWitch (230) through port Pl4 Will egress to 
netWork B through port P2, a packet that ingresses sWitch 
(232) through port P 16 Will egress to netWork B through port 
P5, a packet that ingresses into sWitch (234) through port P 18 
Will egress to netWork B through port P7, and a packet that 
ingresses into sWitch (236) through port P2O Will egress to 
netWork B through port P10. Rule 16 is a duplicate of the 
functionality of rule 15 and is included here only for com 
pleteness of explanation. Rules 1 1-14 also duplicate the func 
tionality of rule 15 and are also included here only for com 
pleteness of explanation. 
[0040] Rules 17-25 effect a pairing of netWorks C and D so 
that packets entering the sWitching apparatus from netWork C 
Will travel through the sWitching apparatus only to netWork D, 
never to netWorks A or B. This particular example of rules 
17-25 steers packets from netWork C to netWork D only 
through service applications Al andAn, although readers Will 
recogniZe rules can be added to the rules table to govern 
packet steering also from netWork D to C and through any 
number of service applications. 
[0041] Rule 17 steers packets that ingress into sWitches 
(230, 232, 234, 236) through ports P3, P6, P8, and Pl 1. Rule 17 
steers packets to sWitch (238) by egressing packets through 
ports P13, P15, P17, and P19. Rule 18 steers packets that ingress 
into sWitch (238) through ports P21, P22, P23, and P24. Rule 18 
steers packets to computer C1 by egressing the packets 
through port P29. Rule 19-22, Which are duplicates of rules 
6-9, steer packets into sWitch (238), sWitch (240), computer 
C”, and back into sWitch (240) as described above With ref 
erence to rules 6-9. 

[0042] Rule 23 steers packets that ingress into sWitch (240) 
through port P32. Rule 23 steers packets to sWitches (234, 
236) through egress ports P27 or P28. Rule 23 includes a 
netWork code of ‘CD,’ and as such, rule 23 is only applied to 
packets that are transferred from netWork C to netWork D. 
Determining that a packet is being transferred from netWork 
C to netWork D can be carried out, for example, by examining 
the source link-level identi?er in the packet. If the source 
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link-level identi?er is associated With a device attached to 
netWork C, the packet is being transferred from netWork C to 
D because netWorks C and D form a netWork pair. 

[0043] Rules 24 and 25 steer packets from that ingress 
sWitches (234, 236) through ports P18 and P20. Rules 24 and 
25 steerpackets to netWork D through egress ports P9 and P12. 
In Table 2, rules 24 and 25 are only applied if the netWork 
code is ‘CD,’ Which indicates that packets are being trans 
ferred from netWork C to netWork D as described above. 

[0044] The example sWitching apparatus of FIG. 1 is 
capable of receiving, through an ingress port from a source 
netWork, data communications packets directed to a destina 
tion netWork. In the example of FIG. 1, the source netWork 
and the destination netWork are members of a same pair of 
networks. NetWorksA and B form one netWork pair (207) and 
netWorks C and D form another netWork pair (209) in the 
example of FIG. 1. Each packet in the example of FIG. 1 
contains a source netWork address that identi?es the source of 

the packet in the source netWork. Each packet optionally also 
contains a destination netWork address that identi?es a desti 
nation of the packet in the destination netWork. The source of 
the packet in the ?rst netWork typically is one of the auto 
mated devices connected to the ?rst netWork, such as, for 
example, desktop computer (202) or laptop computer (204). 
Similarly, the destination of the packet in the second netWork 
is one of the devices connected to the second netWork, such 
as, for example, server (206) or mobile phone (208). The 
netWork addresses are OSI layer-3 addresses; in the Internet 
Protocol, these Would be IP addresses, for example. In an 
IP/ Ethernet netWork, typical of prior art, for example, either a 
netWork address or a MAC address Would be used to carry out 
all routing and steering of packets. 
[0045] The example sWitching apparatus of FIG. 1 is also 
capable of steering each packet among the service applica 
tions and through an egress port to the destination netWork. In 
the example of FIG. 1, the steering is carried out only in 
accordance With the rules, using neither the source netWork 
address of the packet, the destination netWork address of the 
packet, nor the link-level identi?er of any service application. 

[0046] Consider, as an example of steering a packet accord 
ing to embodiments of the present invention, a packet sent 
from netWork A to netWork B. That is, one of the data com 
munications devices (202, 204) connected to netWorkA is the 
source of the packet, and one of the devices (206, 208) con 
nected to netWork B is the destination of the packet. In such an 
example, the packet can be sent over netWork connections 
(218) that form LAG (222). A packet sent over netWork con 
nections (218) that form LAG (222) Will ingress to sWitch 
(230) through port P 1 or into sWitch (232) through port P4. If 
the packet ingresses into sWitch (230) through port Pl, the 
packet Will egress from sWitch (230) through port P 1 3 accord 
ing to rule 1 in Table 2. If the packet ingresses into sWitch 
(232) through port P4, the packet Will egress from sWitch 
(232) through port P 1 5 according to rule 1 in Table 2. In both 
cases, the packet Will ingress into sWitch (238). 
[0047] The packet in the example above Will ingress into 
sWitch (238) either through port P21 or P22. In either case, the 
packet Will egress from sWitch (238) through port P29 as 
dictated by rules 5 or 18. Readers Will recogniZe that rule 18 
effectively includes the packet steering provided by rule 5, so 
that as a practical matter, rule 5 is not actually required. Rule 
5 is nevertheless included here for ease of explanation. A 
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similar comment would apply to rules 6 and 19, 7 and 20, 8 
and 21, as well as 9 and 22, each of which is a literal duplicate 
of the other. 

[0048] The packet egressing switch (238) through port P29 
enters computer Cl through port P33 where service applica 
tion Al processes the packet. The packet then egresses from 
computer Cl through port P34 and ingresses back into switch 
(238) through port P30. The packet egresses from switch (238) 
through ports P21 or P37 in accordance with rule 6. If the 
packet egresses from switch (238) through port P37, the 
packet will ingress into switch (240) through port P38. If the 
packet egresses from switch (238) through port P21, the 
packet will ingress into switch (230) through port P13. Such a 
packet will subsequently egress from switch (230) through 
port Pl4 according to rule 7 and ingress into switch (240) 
through port P25. 
[0049] In this example, if the packet ingresses into switch 
(240) through port P25, the packet will egress from switch 
(240) through port P3 1 in accordance with rule 8. If the packet 
ingresses into switch (240) through port P38, the packet will 
egress from switch (240) through port P3 1 in accordance with 
rule 9. In either case, service applicationAn will subsequently 
process the packet, the packet will egress from computer C” 
through port P36, and the packet will ingress into switch (240) 
through port P32. Once the packet has ingressed into switch 
(240) through port P32, the packet has ingressed through a 
port that could conceivably trigger rule 10 or rule 23. Rules 10 
and 23, however, include a network code that identi?es a 
network pair and a direction of travel between the networks in 
the identi?ed network pair. In this example, rule 10 has a 
network code of ‘AB,’ which means that the rule is associated 
with network tra?ic that is traveling from network A to net 
work B. Rule 23 has a network code of ‘CD,’ which means 
that the rule is associated with network tra?ic that is traveling 
from network C to network D. In order to determine which 
rule to invoke, the switching apparatus examines the packet 
and determines from the source link-level identi?er which 
rule to apply. Determining which rule to apply can be carried 
out, for example, by performing a lookup in a table that 
associates the source link-level identi?er, such as a source 
MAC address or a source WWID, with a network code that 
identi?es a network pair and a direction of travel between the 
networks in the identi?ed network pair. In this example, with 
the network code set to ‘AB,’ which identi?es the network pair 
as networks A and B and the direction of travel as from 
networkA to network B, the switching apparatus will identify 
rule 10 as the appropriate rule to apply. According to rule 10, 
the packet will egress from switch (240) through either of 
ports P25, P26, P27, or P28. Switch (240) can select among P25, 
P26, P27, or P28 in any fashion that may occur to those of skill 
in the art, randomly, always using the same port, by round 
robin load balancing, and so on. 

[0050] In this example, a packet that egresses from switch 
(240) through port P25 will ingress switch (230) through port 
P14. A packet that egresses from switch (240) throughport P26 
will ingress switch (232) through port P16. A packet that 
egresses from switch (240) through port P27 will ingress 
switch (234) through port P18. A packet that egresses from 
switch (240) through port P28 will ingress switch (236) 
through port P20. In each case, the packet will egress from its 
respective switch to network B according to rule 15. Rule 16 
would also work, but rule 16 is a duplicate of the functionality 
of rule 15 included here only for completeness of explanation. 
Rules 1 1-14 would work here also, but they also are explana 
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tory duplicates of the functionality of rule 15. According to 
rule 15, a packet that ingresses into switch (230) through port 
Pl4 will egress to network B through port P2, a packet that 
ingresses switch (232) through port P 16 will egress to network 
B through port P5, a packet that ingresses into switch (234) 
through port P 18 will egress to network B through port P7, and 
a packet that ingresses into switch (236) through port P2O will 
egress to network B through port P10. 
[0051] The example above illustrates that although a packet 
sent from a particular source network in a network pair can 
take a variety of paths, the rules are con?gured so that the 
packet always arrives at the destination network in the net 
work pair. Steering packets in such a way requires using 
neither the source network address of the packet, the destina 
tion network address of the packet, nor the link-level identi 
?er of any service application. Some rules steer only by a 
switch ingress port and a switch egress, either a port or a LAG. 
Some rules include a network code. For rules that are ambigu 
ous according to switch ingress, that is, ingress is through the 
same port on two or more rules which specify different 
egresses, the rules include a network code to disambiguate the 
rules and select a particular rule on the basis of both the 
ingress port and the network code. Because the packets are 
not altered, the packets themselves do not specify their net 
work code, and the network code may be identi?ed for each 
packet through a lookup of a stored association of the packet’s 
source link-level identi?er and its network code. 
[0052] In the example of FIG. 1, because the switches 
within the switching apparatus (150) are logically stacked to 
form a single switch image for LAG and application de?ni 
tions, rules can be written to de?ne ports into and out of the 
switching apparatus, without creating rules for inter-switch 
routing. Because all packets are steered to service application 
Al ?rst and to service applicationAn last, the example of Table 
2 can be reduced as illustrated in Table 3. 

TABLE 3 

Rules Table 

Rule Number Switch Ingress Switch Egress Network Code 

1 P1, P4 P29 
2 P30 P31 
3 P32 LAG-224 AB 
4 P3, P6, P8, P11 P29 
5 P32 LAG-228 CD 

[0053] Packet steering according to embodiments of the 
present invention is carried out on link-level data communi 
cations switching apparatus composed of link-level data com 
munications switches. For further explanation, therefore, 
FIG. 2 sets forth a functional block diagram of automated 
computing machinery, a link-level data communications 
switch (230) adapted for steering data communications pack 
ets according to embodiments of the present invention. 
[0054] The switch (230) of FIG. 2 includes at least one data 
communications processor (156) as well as random access 
memory (132) (‘RAM’) which is connected through a high 
speed memory bus (166) and bus adapter (158) to processor 
(156) and to other components of the switch (230). The data 
communications processor (156) is also operatively coupled 
through an expansion bus (160) to a number of data commu 
nications ports (P1, P2, P3, P13, P14). The data communica 
tions processor can be implemented as any of a variety of 
computer microprocessors or microcontrollers including, for 
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example, a Motorola 68000TM, an IBM POWERTM architec 
ture processor, an Intel PentiumTM, and so on. The processor 
(156) in this example is coupled to the ports through an 
expansion bus (160) and several communications adapters 
(180, 182, 184, 186, 188). The communications adapters 
implement data communications through the ports with other 
switches, routers, networks (A, B, C), computers, and service 
applications (254) running on other computers (C 1, C”). Such 
communications are so often networked that a communica 
tions adapter is often referred to as a ‘network interface card’ 
or ‘NIC.’ Communications adapters implement the hardware 
level of data communications through which one computer, 
router, or switch sends data communications to another com 
puter, router, or switch, directly or through a data communi 
cations network. Examples of communications adapters use 
ful for steering data communications packets for transparent, 
bump-in-the-wire processing among multiple service appli 
cations according to embodiments of the present invention 
include modems for wired dial-up communications, Ethernet 
(IEEE 802.3) adapters for wired data communications net 
work communications, and 802.11 adapters for wireless data 
communications network communications. 

[0055] In the example of FIG. 2, ports P1, P2, and P3 are 
connected through wireline connections to data communica 
tions networks A, B, and C. Ports P 1 3 and P 1 4 are connected to 
service applications (A1, A”) executing on computers (Cl, 
C”). In this example, each port (P1, P2, P3, P13, P14) is capable 
of functioning as an ingress port or an egress port for data 
communications among the networks and the switches. That 
is, data tra?ic through the switch (230) is generally bidirec 
tional. 

[0056] In the example of FIG. 2, the switch also includes 
data storage (172) operatively coupled to the processor (156). 
The data storage (232) can be implemented in a number of 
forms as will occur to those of skill in the art, including, for 
example, a microdrive or electrically erasable programmable 
read-only memory (‘EEPROM’ or ‘?ash’). The data storage 
has stored within it rules (232) governing the steering of data 
communications among the ports of the switch. Whether a 
port is an ingress port or an egress port is determined by the 
port’s usage for a given packet. If a packet enters the switch 
through a port, that port is taken as the packet’s ingress port 
for purposes of current rule execution. If a packet is to exit the 
switch through a port, that port is taken as the packet’s egress 
port for purposes of current rule execution. The rules can 
associate ingress ports and egress ports in a variety of ways as 
will occur to those of skill in the art, including, for example, 
a sequence of C-style structs, a linked list, an array with at 
least two dimensions, and so on. The data storage is prefer 
ably non-volatile and can be con?gured with the rules by a 
system administrator or a manufacturer. One form of data 
storage for the rules, possibly somewhat preferred because of 
its response speed, is a content addressable memory or 
‘CAM,’ in which the ingress ports and egress port are associ 
ated by treating an ingress port number as an address and 
treating a corresponding egress port number as memory con 
tent to be looked up on the basis of an ingress port number. A 
lookup of a rule in the CAM then is carried out by placing an 
ingress port number, optionally along with additional infor 
mation as needed, on an input of the CAM and reading an 
egress port number from the output of the CAM. 

[0057] The example switch (230) of FIG. 2 also includes a 
packet steering module (130), a module of automated com 
puting machinery con?gured to carry out packet steering data 
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for transparent, bump-in-the-wire processing among multiple 
service applications according to embodiments of the present 
invention. The packet steering module (130) may be imple 
mented as, for example, a control program stored in random 
access memory (‘RAM’) (132) or stored in a programmable 
read only memory (‘PROM’) (‘131’). Or the packet steering 
module (130) maybe implemented as a complex program 
mable logic device (‘CPLD’) (133), a ?eld programmable 
gate array (‘134’), or as an application speci?c integrated 
circuit (‘ASIC’) (135). 
[0058] The switch (230) in this example steers packets 
under control of the packet steering module (130) according 
to embodiments of the present invention by receiving in the 
switch through an ingress port from the ?rst network data 
communications packets (136) directed to the second net 
work. Each such packet contains a source network address 
(228) that identi?es the source of the packet in the ?rst net 
work and a destination network address (231) that identi?es 
the destination of the packet in the second network. In the 
example of FIG. 2, steering packets is carried out only in 
accordance with the rules, using neither the source network 
address of the packet, the destination network address of the 
packet, nor the link-level identi?er of any service application. 
[0059] The switch in the example of FIG. 2 steers data 
communication packets (136) for transparent, bump-in-the 
wire processing among multiple service applications by 
receiving, in the switch through an ingress port (P 1, P2, or P3) 
from a source network, data communications packets 
directed to a destination network. The source network and the 
destination network are members of a same pair of networks. 
In this example, any two of the networks A, B, or C can be 
administered as a network pair. Each packet contains a source 
network address (228) that identi?es the source of the packet 
in the source network, and each packet optionally also con 
tains a destination network address (231) that identi?es a 
destination of the packet in the destination network. The 
destination network address is said to be optional because, 
when packets only travel between networks in a network pair, 
the switch can steer broadcast packets or multicast packets 
reliably between the networks, despite the fact that a broad 
cast or multicast packet might not contain a destination 
address as such. 

[0060] The switch in FIG. 2 also steers each packet among 
the service applications (254) and through an egress port to 
the destination network, with the steering carried out only in 
accordance with the rules, using neither the source network 
address (228) of the packet, the destination network address 
(231) of the packet, nor the link-level identi?er (252) of any 
service application (254). 
[0061] For further explanation, FIG. 3 sets forth a ?ow 
chart illustrating an example method of steering data com 
munications packets for transparent, bump-in-the-wire pro 
cessing among multiple service applications according to 
embodiments of the present invention. The method of FIG. 3 
is carried out in a link-level data communications switching 
apparatus (150) like the switching apparatus described above 
with reference to FIG. 1, and the method of FIG. 3 is dis 
cussed here with reference both to FIG. 3 and also to FIG. 1. 
The link-level data communications switching apparatus 
(150) is similar to the switching apparatus described above 
with reference to FIG. 1 and also includes at least one link 
level data communications switch and a plurality of data 
communications ports. At least four of the ports couple the 
switching apparatus to at least four data communications 
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networks, the networks organized into at least two pairs of 
networks. The switching apparatus (150) also includes at 
least two additional ports (P30, P31, P32) connected to service 
applications (254) that carry out transparent, bump-in-the 
wire data processing of data communications packets (226) 
traveling among the networks. In the example of FIG. 3, some 
ports function as an ingress port (P1, P31) only, some ports 
function as an egress port (P8, P32) only, and some ports 
function as both an ingress port or an egress port (P30) for data 
communications among the networks and the service appli 
cations. Each service application in FIG. 3 is associated with 
a unique, link-level identi?er (252) such as a MAC address, a 
WWID or a WWN. 

[0062] In the example of FIG. 3, the switching apparatus 
includes rules (232) which govern the steering of data com 
munications among service applications (254) and networks 
(300) connected to the switching apparatus (150). Each rule 
(232) in FIG. 3 includes an association of an ingress port and 
a switch egress. The rules (232) include at least one rule that 
further includes at least one network code that identi?es a 
network pair and a direction of travel between the networks in 
the identi?ed network pair. In the example of FIG. 3, the rules 
are con?gured to permit data communications through the 
switching apparatus (150) only between networks in a pair 
(300), excluding data communications across pairs of net 
works. Such rules may be implemented, for example, as 
records in a Rules Table as shown above with reference to 
Table 2. 
[0063] The example of FIG. 3 includes receiving (302), in 
the switching apparatus (150) through an ingress port (Pi) 
from a source network, data communications packets (226) 
directed to a destination network, the source network and the 
destination network being members of a same pair (300) of 
networks. Each packet (226) contains a source network 
address (228) that identi?es the source of the packet in the 
source network. Each packet optionally contains a destination 
network address (230) that identi?es a destination of the 
packet in the destination network. The example of FIG. 3 also 
includes steering (3 04) by the switching apparatus (150) each 
packet (226) among the service applications (254) and 
through an egress port (P8) to the destination network. In the 
method of FIG. 3, the steering is carried out only in accor 
dance with the rules (232), using neither the source network 
address (228) of the packet, the destination network address 
(230) of the packet, nor the link-level identi?er (252) of any 
service application (254). 
[0064] In the example of FIG. 3, the switching apparatus 
(150) is con?gured, for at least some of the service applica 
tions, with two ports (P31, P32) coupled to each such service 
application. One port (P31) is for egress of packets (226) from 
the switching apparatus (150) to such service applications 
and another port (P32) is for ingress of packets from the 
service applications. In this example, steering (304) each 
packet (226) among the service applications includes steering 
(308) each packet from the switching apparatus (150) to such 
a service application through a separate egress port (P31), 
each such service application carrying out its data processing 
related to each packet and then returning each packet to the 
switching apparatus through a separate ingress port (P32). 
[0065] In the example of FIG. 3, the switching apparatus 
(150) is also con?gured, for at least some of the service 
applications, with only one port (P30) coupled to a service 
application. In such an example, steering (304) each packet 
(226) among the service applications includes steering (306) 
each packet from the switching apparatus to a service appli 
cation through the one port (P30) coupling such a service 
application (254) to the switching apparatus, each such ser 
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vice application carrying out its data processing related to 
each packet and then returning each packet to the switching 
apparatus through the one port (P30). 
[0066] For further explanation, FIG. 4 sets forth a ?ow 
chart illustrating a further example method of steering data 
communications packets for transparent, bump-in-the-wire 
processing among multiple service applications according to 
embodiments of the present invention. The method of FIG. 4, 
like the method of FIG. 3, is carried out in a link-level data 
communications switching apparatus (150) like the switching 
apparatus described above with reference to FIG. 1, and the 
method of FIG. 4 is discussed here with reference both to FIG. 
4 and also to FIG. 1. The switching apparatus (150) includes 
a plurality of data communications ports (P1, P8, P30, P31, 
P32). In the example ofFIG. 4 at least four ofthe ports couple 
the switching apparatus to at least four data communications 
networks, the networks organiZed into at least two pairs of 
networks. The switching apparatus (150) also includes at 
least two additional ports (P30, P31, P32) connected to service 
applications (254) that carry out transparent, bump-in-the 
wire data processing of data communications packets (226) 
traveling among the networks. In the example of FIG. 4, some 
ports function as an ingress port (P1, P31) only, some ports 
function as an egress port (P8, P32) only, and some ports 
function as both an ingress port or an egress port (P30) for data 
communications among the networks and the service appli 
cations. Each service application in FIG. 4 is associated with 
a unique, link-level identi?er (252) such as a MAC address, a 
WWID or a WWN. 

[0067] Like the example of FIG. 3, the example of FIG. 4 
includes receiving (302) data communications packets (226) 
directed to a destination network and steering (304) by the 
switching apparatus each packet among the service applica 
tions and through an egress port to the destination network. 
Like the example of FIG. 3, in the example of FIG. 4 the 
steering (304) is carried out only in accordance with the rules, 
using neither the source network address of the packet, the 
destination network address of the packet, nor the link-level 
identi?er of any service application. 
[0068] In the method of FIG. 4, however, each packet also 
includes a link-level source identi?er (310) that identi?es a 
link-level source for each packet in the source network. In the 
method of FIG. 4, receiving (3 02) data communications pack 
ets also includes recording (316) for each packet (226) the 
packet’s link-level source identi?er (310) and a network code 
(314) that speci?es for each packet a direction of travel 
between the two networks in one of the pairs of networks. 
Readers will recogniZe that recording such associations 
between link-level source identi?ers and network codes is a 
method of learning those associations. Recording each pack 
et’s link-level source identi?er (310) and a network code 
(314) can be carried out, for example, by recording each such 
value in a table such as Table 4. 

TABLE 4 

Orientation Records 

Source Link-Level 
Identi?er Network Code 

123 AB 
234 AB 
345 AB 
45 6 BA 
567 BA 

[0069] Each record in Table 4 associates a source link-level 
identi?er for a packet that has been received by the switching 
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apparatus With a network code. The association With the 
network code effectively orients each packet With respect to 
the packet’s direction of travel betWeen tWo netWorks. The 
packet having source link-level identi?er ‘ 123 ’ in the example 
of Table 4 is traveling from netWorkA toWard netWork B. The 
packet having source link-level identi?er ‘45 6’ in the example 
of Table 4 is traveling from netWork B toWard netWorkA. And 
so on. Readers Will understand that the source link-level 

identi?er in Table 4 can be embodied in many forms accord 
ing to embodiments of the present application, including, for 
example, as MAC address, a WWID, or WWN. 

[0070] It is a traditional, Well-knoWn feature of link-level 
sWitches to ‘learn’ associations of source link-level identi?ers 
and port numbers. This is a Well-knoWn feature of link-level 
sWitches that reduces the need for burdensome ARP ?oods or 
broadcasts to determine Which port should be used to egress 
a packet having a particular source MAC address, for 
example. Given this traditional feature of link-level sWitches, 
it is possible, Within the scope of the present invention, to 
build orientation records according to embodiments of the 
present invention using the traditional silicon, if the silicon 
happens to have an unused ?eld in its learning cache in Which 
the netWork code can be recorded along With the source MAC 
address and the pertinent port number. Encoding the netWork 
codes indicating the four directions of travel represented by 
AB, BA, CD, and DC, for example, can be accomplished if 
only tWo bits of unused storage are available in each learning 
cache record. This feature is mentioned in some detail here, 
not because it is a limitation of the present invention, Which it 
is not, but because it may be a someWhat preferred embodi 
ment, alloWing a sWitch to be improved to perform packet 
steering according to embodiments of the present invention 
With little or no modi?cation of the sWitch’s underlying hard 
Ware. 

[0071] In the example of FIG. 4, steering (304) each packet 
among the service applications also includes, upon receiving 
a packet through an ingress port from a source netWork, 
selecting, in dependence upon the ingress port through Which 
the packet Was received, a rule that governs steering the 
packet to a sWitch egress. Selecting, in dependence upon the 
ingress port through Which the packet Was received, a rule that 
governs steering the packet to a sWitch egress can be carried 
out, for example, by using the ingress port number to select a 
rule from a rules table as described above With reference to 
Table 2. 

[0072] In the example of FIG. 4, the sWitching apparatus 
(150) also includes orientation records (312) that associate, 
for each packet (226) received from a source netWork, the 
packet’s link-level source identi?er (3 1 0) and a netWork code. 
In the example of FIG. 4, the netWork code speci?es for each 
packet a direction of travel betWeen the tWo netWorks in one 
of the pairs of netWorks. Orientation records can be embod 
ied, for example, in a table such as Table 4 described above. 
Orientation records may also be embodied, for example, in an 
array, linked list, as entries in a database, and so on. 

[0073] In the example of FIG. 4, steering (304) each packet 
among the service applications includes, for each packet 
received through an ingress port from a service application 
(318, 319), identifying (320), from the orientation records 
(312) in dependence upon the packet’s link-level source iden 
ti?er (310), the packet’s netWork code. Identifying the pack 
et’s netWork code (314) can be carried out, for example, by 
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performing a lookup in a table like Table 4 that includes 
orientation records (312) using the packet’s link-level source 
identi?er (310). 
[0074] In the example of FIG. 4, steering (304) each packet 
among the service applications includes, for each packet 
received through an ingress port from a service application 
(318, 319), selecting (322), in dependence upon the packet’s 
netWork code and the ingress port through Which the packet 
Was received from the service application, a rule that governs 
steering the packet to a next sWitch egress. Selecting (322), in 
dependence upon the packet’s netWork code and the ingress 
port through Which the packet Was received from the service 
application, a rule that governs steering the packet to a next 
sWitch egress can be carried out, for example, by searching a 
table such as Table 2 above for records that include a netWork 
code and sWitch ingress that matches the packet’s netWork 
code and the ingress port through Which the packet Was 
received. 
[0075] For further explanation, FIG. 5 sets forth a How 
chart illustrating a further example method of steering data 
communications packets for transparent, bump-in-the-Wire 
processing among multiple service applications according to 
embodiments of the present invention. The method of FIG. 5, 
like the method of FIG. 3, is carried out in a link-level data 
communications sWitching apparatus (150) like the sWitching 
apparatus described above With reference to FIG. 1, and the 
method of FIG. 5 is discussed here With reference both to FIG. 
5 and also to FIG. 1. The sWitching apparatus (150) includes 
a plurality of data communications ports (Pi, P8, P30, P37, P38, 
P39, P40, P41). At least four of the ports couple the sWitching 
apparatus to at least four data communications netWorks (A, 
B, C, D), and the netWorks are organiZed into at least tWo pairs 
of netWorks (207, 209). The sWitching apparatus (150) also 
includes at least tWo additional ports (P30, P37, P38, P39, P40, 
P41) connected to service applications that carry out transpar 
ent, bump-in-the-Wire data processing of data communica 
tions packets (226) traveling among the netWorks. In the 
example of FIG. 5, some ports function as an ingress port 
(P39, P41) only, some ports function as an egress port (P38, 
P40) only, and some ports function as both an ingress port or 
an egress port (P30, P37) for data communications among the 
netWorks and the service applications. Each service applica 
tion in FIG. 5 is associated With a unique, link-level identi?er 
such as a MAC address, a WWID or a WWN. 

[0076] Like the example of FIG. 3, the example of FIG. 5 
includes receiving (302) data communications packets (226) 
directed to a destination netWork and steering (304) by the 
sWitching apparatus each packet among the service applica 
tions and through an egress port to the destination netWork. 
Like the example of FIG. 3, in the example of FIG. 5 the 
steering (304) is carried out only in accordance With the rules, 
using neither the source netWork address of the packet, the 
destination netWork address of the packet, nor the link-level 
identi?er of any service application. 
[0077] In the method of FIG. 5, hoWever, the rules (232) 
include additional packet attributes (324) Which de?ne a plu 
rality of paths (328, 330) through the service applications for 
a direction of travel betWeen netWorks in a pair. The sWitching 
apparatus (150) can utiliZe the additional packet attributes to 
provide different processing for packets that Would otherWise 
be processed identicallyipackets that ingress into the 
sWitching apparatus and egress from the sWitching apparatus 
through the same ports. Additional packet attributes can 
include, for example, a priority attribute, an attribute that 
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identi?es the type of data communications application that 
generated the packet at its source, and other attributes as may 
occur to those of skill in the art. Rules 1-16 in Table 2 de?ne 
a single path through service applications Al andAn for pack 
ets traveling from network A to network B. Rules 17-25 in 
Table 2 de?ne a single path through service applications Al 
and A” for packets traveling from network C to network D. 
The additional packet attributes make possible a plurality of 
paths through service applications for a particular direction of 
travel between two networks by providing additional coding 
information for packet steering. 
[0078] In the method of FIG. 5, steering (304) each packet 
(226) among the service applications includes steering (326) 
each packet along one of the plurality of paths (328, 330) 
through the service applications de?ned by the additional 
packet attributes (324). In the example of FIG. 5, the addi 
tional packet attributes (324) are included as part of each 
packet (226). Additional packet attributes can be included in 
each packet, for example, by inserting VLAN tags into the 
packets in accordance with the IEEE 802.1Q speci?cation. 
The switching apparatus (150) uses the additional packet 
attributes (324) that are contained in the packet (226), along 
with the rules that include additional packet attributes, to steer 
the packets along one of the plurality of paths (328, 330). 
[0079] Consider, for example, a case in which lower prior 
ity packets should be processed through path (330) in FIG. 5 
and higher priority packets should be processed through path 
(228). In such an example, the rules (232) would include an 
additional packet attribute of ‘priority,’ and the rules would be 
con?gured so that packets with a lower priority would ingress 
and egress through the ports in such a way that the packets 
would be processed by service applications A2 andAl, so that 
the packets would follow path (330). In this example, the rules 
(232) would also be con?gured so that packets with a higher 
priority would ingress and egress through the ports in such a 
way that the packets would be processed by service applica 
tions A4 and A3, so that the packets would follow path (328). 
In this example, VLAN tags could be inserted into the packets 
using the Priority Code Point (‘PCP’) ?eld in the VLAN tag to 
specify the priority of the packet. The switching apparatus 
(150) could extract the value in the PCP ?eld and identify the 
appropriate rule to apply in dependence upon not only the 
ingress port and network code as described above, but also in 
dependence upon the additional packet attribute of priority. 
[0080] As mentioned, the additional packet attributes make 
possible a plurality of paths through service applications for a 
particular direction of travel between two networks by pro 
viding additional coding information for packet steering. The 
use of additional packet attributes are further illustrated with 
reference to Table 5 below. 

TABLE 5 

Rules Table 

Additional 
Rule Packet Network 

Number Switch Ingress Switch Egress Attribute Code 

1 P2, P5, P7, P10 P14, P16, P18,1320 80 BA 
2 P25, P26, P27, P28 P40 30 BA 
3 P41 P38 80 BA 
4 P39 P25, P26 80 BA 
5 P14,P16 P1,P4 80 BA 
6 P23537310 P13, P15, P17, P19 110 BA 
7 P21, P22, P23, P24 P37 110 BA 
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TABLE 5-continued 

Rules Table 

Additional 
Rule Packet Network 

Number Switch Ingress Switch Egress Attribute Code 

8 P 37 P30 1 10 BA 
9 P30 P21, P22 110 BA 

10 P13,P15 P1,P4 110 BA 

[0081] The rules of Table 5 steer packets through the 
switching apparatus (150) with switches (238, 240) modi?ed 
as shown in FIG. 5 and all other apparatus con?gured as 
shown in FIG. 1. In the example of Table 5, additional packet 
information is encoded as the type of data communications 
application that generated the packet at its source. In particu 
lar, the additional packet attribute value 80 in rules 1-5 is the 
well known port number for HTTP packets generated by a 
browser or a web server, and the additional packet attribute 
value of 1 10 in rules 6-10 is the well known port number for 
Post O?ice Protocol 3 packets generated from an email client 
or an email server. The well known port numbers 80 and 110 
are numerical identi?ers for the data structures at the end 
points for communications between a data communications 
source and a destination, not to be confused with the data 
communications hardware ports discussed throughout this 
speci?cation. The rules of Table 5, by use of the well known 
port numbers for HTTP and POP communications, de?ne two 
paths through the service applications A1, A2, A3, and A4 for 
packet travel from network B to network A, one path for 
World Wide Web packets de?ned by rule 1-5 and a second 
path for email packets de?ned by rules 6-10. In this way, two 
different sets of service applications can be con?gured to 
provide different kinds of service processing for these two 
different kinds of packets, despite the fact that both kinds of 
packet are traveling between the same two networks in the 
same direction through the switching apparatus. 
[0082] Exemplary embodiments of the present invention 
are described largely in the context of a fully functional 
computer system for steering data communications packets 
for transparent, bump-in-the-wire processing among service 
applications. Readers of skill in the art will recogniZe, how 
ever, that the present invention also may be embodied in a 
computer program product disposed on recordable media for 
machine-readable information, including magnetic media, 
optical media, or other suitable media. Examples of record 
able media include magnetic disks in hard drives or diskettes, 
compact disks for optical drives, magnetic tape, and others as 
will occur to those of skill in the art. Persons skilled in the art 
will immediately recogniZe that any computer system having 
suitable programming means will be capable of executing the 
steps of the method of the invention as embodied in a program 
product. Persons skilled in the art will recogniZe immediately 
that, although some of the exemplary embodiments described 
in this speci?cation are oriented to software installed and 
executing on computer hardware, nevertheless, alternative 
embodiments implemented as ?rmware or as hardware are 

well within the scope of the present invention. 
[0083] It will be understood from the foregoing description 
that modi?cations and changes may be made in various 
embodiments of the present invention without departing from 
its true spirit. The descriptions in this speci?cation are for 
purposes of illustration only and are not to be construed in a 
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limiting sense. The scope of the present invention is limited 
only by the language of the following claims. 

What is claimed is: 
1. A method of steering data communications packets for 

transparent, bump-in-the-wire processing among multiple 
service applications, 

the method carried out in link-level data communications 
switching apparatus, the switching apparatus compris 
ing at least one link-level data communications switch, 
the switching apparatus comprising a plurality of data 
communications ports, at least four of the ports coupling 
the switching apparatus to at least four data communi 
cations networks, the networks organiZed into at least 
two pairs of networks, at least two additional ports con 
nected to service applications that carry out transparent, 
bump-in-the-wire data processing of data communica 
tions packets traveling among the networks, each ser 
vice application associated with a unique, link-level 
identi?er; 

the switching apparatus further comprising rules govem 
ing the steering of data communications among service 
applications and networks connected to the switching 
apparatus each rule comprising an association of an 
ingress port and a switch egress, the rules including at 
least one rule that further includes at least one network 
code that identi?es a network pair and a direction of 
travel between the networks in the identi?ed network 
pair, the rules con?gured to permit data communications 
through the switching apparatus only between networks 
in a pair, excluding data communications across pairs of 
networks; 

the method comprising: 
receiving, in the switching apparatus through an ingress 

port from a source network, data communications pack 
ets directed to a destination network, the source network 
and the destination network being members of a same 
pair of networks, each packet containing a source net 
work address that identi?es the source of the packet in 
the source network, each packet optionally also contain 
ing a destination network address that identi?es a desti 
nation of the packet in the destination network; and 

steering by the switching apparatus each packet among the 
service applications and through an egress port to the 
destination network, the steering carried out only in 
accordance with the rules, using neither the source net 
work address of the packet, the destination network 
address of the packet, nor the link-level identi?er of any 
service application. 

2. The method of claim 1 wherein: 

the switching apparatus is con?gured, for at least some of 
the service applications, with two ports coupled to each 
such service application, one port for egress of packets 
from the switching apparatus to such service applica 
tions and another port for ingress of packets from such 
service applications; and 

steering eachpacket among the service applications further 
comprises steering each packet from the switching appa 
ratus to such a service application through a separate 
egress port, each such service application carrying out 
its data processing related to each packet and then 
returning eachpacket to the switching apparatus through 
a separate ingress port. 
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3. The method of claim 1 wherein 
the switching apparatus is con?gured, for at least some of 

the service applications, with only one port coupled to 
each such service application; and 

steering each packet among the service applications further 
comprises steering each packet from the switching appa 
ratus to such a service application through the one port 
coupling such a service application to the switching 
apparatus, each such service application carrying out its 
data processing related to each packet and then returning 
each packet to the switching apparatus through the one 
port. 

4. The method of claim 1 wherein each packet further 
comprises a link-level source identi?er that identi?es a link 
level source for each packet in the source network and receiv 
ing data communications packets further comprises record 
ing for each packet the packet’s link-level source identi?er 
and a network code, the network code specifying for each 
packet a direction of travel between the two networks in one 
of the pairs of networks. 

5. The method of claim 1 wherein steering each packet 
among the service applications further comprises, upon 
receiving a packet through an ingress port from a source 
network, selecting, in dependence upon the ingress port 
through which the packet was received, a rule that governs 
steering the packet to a switch egress. 

6. The method of claim 1 wherein: 
each packet further comprises a link-level source identi?er 

that identi?es a link-level source for each packet in the 
source network; 

the switching apparatus further comprises orientation 
records that associate, for each packet received from a 
source network, the packet’s link-level source identi?er 
and a network code, the network code specifying for 
each packet a direction of travel between the two net 
works in one of the pairs of networks; 

steering each packet among the service applications further 
comprises, for each packet received through an ingress 
port from a service application: 

identifying, from the orientation records in dependence 
upon the packet’s link-level source identi?er, the pack 
et’s network code; and 

selecting, in dependence upon the packet’s network code 
and the ingress port through which the packet was 
received from the service application, a rule that governs 
steering the packet to a next switch egress. 

7. The method of claim 1 wherein: 
the rules further comprise additional packet attributes, the 

additional packet attributes de?ning a plurality of paths 
through the service applications for a direction of travel 
between networks in a pair; and 

steering each packet among the service applications further 
comprises steering each packet along one of the plurality 
of paths through the service applications de?ned by the 
additional packet attributes. 

8. Apparatus for steering data communications packets for 
transparent, bump-in-the-wire processing among multiple 
service applications, the apparatus comprising: 

a link-level data communications switching apparatus, the 
switching apparatus comprising at least one link-level 
data communications switch, the switching apparatus 
comprising a plurality of data communications ports, at 
least four of the ports coupling the switching apparatus 
to at least four data communications networks, the net 
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works organized into at least two pairs of networks, at 
least two additional ports connected to service applica 
tions that carry out transparent, bump-in-the-wire data 
processing of data communications packets traveling 
among the networks, each service application associated 
with a unique, link-level identi?er; 

the switching apparatus further comprising rules govem 
ing the steering of data communications among service 
applications and networks connected to the switching 
apparatus each rule comprising an association of an 
ingress port and a switch egress, the rules including at 
least one rule that further includes at least one network 
code that identi?es a network pair and a direction of 
travel between the networks in the identi?ed network 
pair, the rules con?gured to permit data communications 
through the switching apparatus only between networks 
in a pair, excluding data communications across pairs of 
networks; 

the apparatus con?gured to carry out the steps of: 
receiving, in the switching apparatus through an ingress 

port from a source network, data communications pack 
ets directed to a destination network, the source network 
and the destination network being members of a same 
pair of networks, each packet containing a source net 
work address that identi?es the source of the packet in 
the source network, each packet optionally also contain 
ing a destination network address that identi?es a desti 
nation of the packet in the destination network; and 

steering by the switching apparatus each packet among the 
service applications and through an egress port to the 
destination network, the steering carried out only in 
accordance with the rules, using neither the source net 
work address of the packet, the destination network 
address of the packet, nor the link-level identi?er of any 
service application. 

9. The apparatus of claim 8 wherein: 
the switching apparatus is con?gured, for at least some of 

the service applications, with two ports coupled to each 
such service application, one port for egress of packets 
from the switching apparatus to such service applica 
tions and another port for ingress of packets from such 
service applications; and 

steering eachpacket among the service applications further 
comprises steering each packet from the switching appa 
ratus to such a service application through a separate 
egress port, each such service application carrying out 
its data processing related to each packet and then 
returning eachpacket to the switching apparatus through 
a separate ingress port. 

10. The apparatus of claim 8 wherein 
the switching apparatus is con?gured, for at least some of 

the service applications, with only one port coupled to 
each such service application; and 

steering eachpacket among the service applications further 
comprises steering each packet from the switching appa 
ratus to such a service application through the one port 
coupling such a service application to the switching 
apparatus, each such service application carrying out its 
data processing related to each packet and then returning 
each packet to the switching apparatus through the one 
port. 

11. The apparatus of claim 8 wherein each packet further 
comprises a link-level source identi?er that identi?es a link 
level source for each packet in the source network and receiv 
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ing data communications packets further comprises record 
ing for each packet the packet’s link-level source identi?er 
and a network code, the network code specifying for each 
packet a direction of travel between the two networks in one 
of the pairs of networks. 

12. The apparatus of claim 8 wherein steering each packet 
among the service applications further comprises, upon 
receiving a packet through an ingress port from a source 
network, selecting, in dependence upon the ingress port 
through which the packet was received, a rule that governs 
steering the packet to a switch egress. 

13. The apparatus of claim 8 wherein: 
each packet further comprises a link-level source identi?er 

that identi?es a link-level source for each packet in the 
source network; 

the switching apparatus further comprises orientation 
records that associate, for each packet received from a 
source network, the packet’s link-level source identi?er 
and a network code, the network code specifying for 
each packet a direction of travel between the two net 
works in one of the pairs of networks; 

steering each packet among the service applications further 
comprises, for each packet received through an ingress 
port from a service application: 

identifying, from the orientation records in dependence 
upon the packet’s link-level source identi?er, the pack 
et’s network code; and 

selecting, in dependence upon the packet’s network code 
and the ingress port through which the packet was 
received from the service application, a rule that governs 
steering the packet to a next switch egress. 

14. The apparatus of claim 8 wherein: 
the rules further comprise additional packet attributes, the 

additional packet attributes de?ning a plurality of paths 
through the service applications for a direction of travel 
between networks in a pair; and 

steering each packet among the service applications further 
comprises steering each packet along one of the plurality 
of paths through the service applications de?ned by the 
additional packet attributes. 

15. A computer program product for steering data commu 
nications packets for transparent, bump-in-the-wire process 
ing among multiple service applications in link-level data 
communications switching apparatus, the computer program 
product disposed upon a recordable medium for machine 
readable information, 

the switching apparatus comprising at least one link-level 
data communications switch, the switching apparatus 
comprising a plurality of data communications ports, at 
least four of the ports coupling the switching apparatus 
to at least four data communications networks, the net 
works organiZed into at least two pairs of networks, at 
least two additional ports connected to service applica 
tions that carry out transparent, bump-in-the-wire data 
processing of data communications packets traveling 
among the networks, each service application associated 
with a unique, link-level identi?er; 

the switching apparatus further comprising rules govem 
ing the steering of data communications among service 
applications and networks connected to the switching 
apparatus each rule comprising an association of an 
ingress port and a switch egress, the rules including at 
least one rule that further includes at least one network 
code that identi?es a network pair and a direction of 
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travel between the networks in the identi?ed network 
pair, the rules con?gured to permit data communications 
through the switching apparatus only between networks 
in a pair, excluding data communications across pairs of 
networks; 

the computer program product comprising computer pro 
gram instructions which, when executed by a data com 
munications processor, cause the switch to carry out the 
steps of: 

receiving, in the switching apparatus through an ingress 
port from a source network, data communications pack 
ets directed to a destination network, the source network 
and the destination network being members of a same 
pair of networks, each packet containing a source net 
work address that identi?es the source of the packet in 
the source network, each packet optionally also contain 
ing a destination network address that identi?es a desti 
nation of the packet in the destination network; and 

steering by the switching apparatus each packet among the 
service applications and through an egress port to the 
destination network, the steering carried out only in 
accordance with the rules, using neither the source net 
work address of the packet, the destination network 
address of the packet, nor the link-level identi?er of any 
service application. 

16. The computer program product of claim 15 wherein: 
the switching apparatus is con?gured, for at least some of 

the service applications, with two ports coupled to each 
such service application, one port for egress of packets 
from the switching apparatus to such service applica 
tions and another port for ingress of packets from such 
service applications; and 

steering eachpacket among the service applications further 
comprises steering each packet from the switching appa 
ratus to such a service application through a separate 
egress port, each such service application carrying out 
its data processing related to each packet and then 
returning eachpacket to the switching apparatus through 
a separate ingress port. 

17. The computer program product of claim 15 wherein: 
the switching apparatus is con?gured, for at least some of 

the service applications, with only one port coupled to 
each such service application; and steering each packet 
among the service applications further comprises steer 
ing each packet from the switching apparatus to such a 
service application through the one port coupling such a 
service application to the switching apparatus, each such 
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service application carrying out its data processing 
related to each packet and then returning each packet to 
the switching apparatus through the one port. 

18. The computer program product of claim 15 wherein 
each packet further comprises a link-level source identi?er 
that identi?es a link-level source for each packet in the source 
network and receiving data communications packets further 
comprises recording for each packet the packet’s link-level 
source identi?er and a network code, the network code speci 
fying for each packet a direction of travel between the two 
networks in one of the pairs of networks. 

19. The computer program product of claim 15 wherein 
steering each packet among the service applications further 
comprises, upon receiving a packet through an ingress port 
from a source network, selecting, in dependence upon the 
ingress port through which the packet was received, a rule that 
governs steering the packet to a switch egress. 

20. The computer program product of claim 15 wherein: 
each packet further comprises a link-level source identi?er 

that identi?es a link-level source for each packet in the 
source network; 

the switching apparatus further comprises orientation 
records that associate, for each packet received from a 
source network, the packet’s link-level source identi?er 
and a network code, the network code specifying for 
each packet a direction of travel between the two net 
works in one of the pairs of networks; 

steering each packet among the service applications further 
comprises, for each packet received through an ingress 
port from a service application: 

identifying, from the orientation records in dependence 
upon the packet’s link-level source identi?er, the pack 
et’s network code; and 

selecting, in dependence upon the packet’s network code 
and the ingress port through which the packet was 
received from the service application, a rule that governs 
steering the packet to a next switch egress. 

21. The computer program product of claim 15 wherein: 
the rules further comprise additional packet attributes, the 

additional packet attributes de?ning a plurality of paths 
through the service applications for a direction of travel 
between networks in a pair; and 

steering each packet among the service applications further 
comprises steering each packet along one of the plurality 
of paths through the service applications de?ned by the 
additional packet attributes. 

* * * * * 


